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In the manufacture of any product the primary object is pro- 
duction with the least expenditure of money, due importance be- 
ing given to the reliability of the product. 

The operating expense account of any plant depends a great 
deal upon its mechanical equipment. 

For many years the energy. of power station engineers wes 
mainly devoted to perfecting the arrangement of engines, generat- 
ors and electrical apparatus, often neglecting the more important, 
though less showy, boiler-room equipment. <A larger percentage 
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of saving can be made by a proper attention to the design and op- 
eration of the boiler room than in any other department of the 
station. 

The cost of power is an important factor, sometimes amounting 
to more than all other operating costs combined, and depends 
upon the cost of fuel; the cost of fuel in turn, upon the purchase 
price and method of handling. 

The method of handling depends a great deal upon local condi- 
tions. Whether an outlay for mechanical handling is justified 
depends upon the size of the plant, but, sometimes, the matter of 
convenience or space may be a factor. 

The transportation of coal from stock to ash heap via boiler 
room cannot be done in one place the same as in another location, 
with the same degree of efficiency and at the same cost. The lo- 
cation and the surroundings are the controlling factors. 

Is expenditure for mechanical handling justified, and will the 
amount to be saved show as a profitable return on the investment ? 

Some plants are so small and convenient that one man can care 
for the boilers and do the firing. 

(From a Report made to the Steam Users Association. ) 

“Under average conditions one man can run an engine and fire 
up to ten tons per week. 

“For thirty tons it requires an engineer, one day and one night 
man. ‘This is for about a 200 H.P. plant. 

“For a 500 H.F. plant it would require an engineer, two day 
men and one night man.” (This information was compiled from 
reports of four hundred members. ) 

“From investigation of six hundred (600) small plants the 
average cost of handling was 48c per ton, with a maximum of 7Ic, 
and a minimum of 26c per ton.” 

“Where coal was moved by wheelbarrow the cost was I.6c per 
ton for the first five yards, and Ic per ton for each additional 
yard.” 

Mechanical stokers are almost universally used in power sta- 
tions on account of the increased efficiency over hand-fired fur- 
naces and the reduced cost of operation. 

Equally as good results have been obtained with hand-fired 
furnaces by careful and intelligent firemen, but the trouble is that 
such firemen are not plentiful, and it is extremely difficult to se- 
cure men who will produce good results ali the time. For this 
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reason the fuel economy will be better where the firemen are as- 
sisted by some form of mechanical stoker. 

When the coal is deposited in the boiler room so that it requires 
but one shovelling to the furnace, one man can care for the 
boiler, coal and ashes of a 400 H.P. plant. If the coal requires 
two handlings a fireman and helper are required for each battery 
of 500 H.P. Where automatic stokers are used and coal is fed to 
the hoppers by gravity, one man can care for 2000 H.P. of boilers. 

The cost of mechanical handling varies according to conditions 
and the size of the plant. The smaller the plant the greater the 
cost per H.P., both for installation and operation, while for the 
the larger plants the labor cost for the mechanical transferring of 
coal from cars to stokers is as low as 2c per ton. 

In reply to the query of “The amount of saving accomplished 
by the installation of machinery,” one manufacturer states “As 
near as we can approximate, our saving (includig repairs, de- 
preciation and interest on investment), is about $3,500.00 per 
year.” 

The cost of this plant was $16,950.00. This shows a return of 
234% on the investment. 

Another case: Where a 4000 H.P. plant with coal dumped from 
trestle alongside of building, required eight men to stoke and 
eight helpers on each turn. The labor cost amounted to $18,- 
200.00 per year; when the plant was equipped with mechanical 
stokers and coal handling machinery, including an overhead bin at 
a cost of $26,000.00, the labor cost was reduced about $13,400.00 
per year. This, with the interest, depreciation, repairs, etc., de- 
ducted, showed a return on the investment of about 37%. 

Other cases might be cited where the returns showed as high as 
75 to 80 per cent. on the investment, but such cases are rare. 
However, 20 to 40 per cent. returns on the investment are gener- 
ally the case. 

As conditions for every plant differ, no fixed solution can be 
offered, but each case must be treated as a separate problem. 

The type of machinery and method of handling depend upon— 

The size of plant. 

The kind and size of coal. 

The rate or capacity at which coal is to be handled. 
The location of the delivery point. 

Whether reserve storage, and how much. 
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Where the coal is small, as well as the capacity, the simplest 

method consists of— 
Track hopper. 
Elevator. 
Conveyor. 

If the coal is lumpy, and capacity not an important factor, a 
grating (with about 6” sq. openings), is placed between the dump 
and the elevator. The large lumps are broken on this grating. 

Where bituminous coal is handled and stored in an overhead 
bunker, the coal should be crushed before elevating. 

Assuming that the size of plant justifies the installation of me- 
chanical handling, then— 

The design of the machinery should embody 
Simplicity. 
High efficiency. 
Durability of construction. 
Immunity from breakdown. 
Low first cost. 
Low cost of operation, and 
Low cost of maintenance. 

The receiving hopper should be constructed so that the coal will 
run freely down the corners, and the opening of such a size that 
the coal will not jam. If the coal is of small size, with no large 
lumps, it can be controlled by the use of a slide gate, but if large 
lumps are to be handled an opening of sufficient size would permit 
the coal to flow faster than the machinery could take it away, and 
could not be controlled by a gate without the constant supervision 
of an attendant. 

Several automatic feeding devices have been designed to elimi- 
nate this annoyance and regulate the flow, among which are the— 

Roll Feeder ; 
Apron Feeder, and 
Reciprocating Feeder. 

The roll feeder was first used for handling ore, and was found 
very efficient. It consists of a drum with angles fastened to the 
outer surface. This requires considerable head room, and a 
modification consists of a cast-iron drum, with pockets or blades 
radiating from the sleeve, (see cut 1813). 

The apron feeder consists of two chains with overlapping steel 
slats forming a continuous belt. This form is best where a 
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(1472) Apron feeder. 25th Ward Gas Works, U. G. I. Co., Philadelphia, 


Geneva, N. Y. 
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steady, continuous feed is required (see cut 1472), or where the 
hopper is at a distance from the elevator, the feeder acting as a 
conveyor (see cut 2733). 

The reciprocating feeder is much simpler and cleaner, there 
being no spill from damp, sticky coal. It is used where an inter- 
mittent feed is required. It can be timed to operate with spaced 
buckets, discharging the proper amount in each bucket as it passes 
the feeding point (see cuts 3044, a. b. c.) 

It consists of a flat plate mounted on rollers and operated by an 
eccentric connected with the elevating machinery. The amount 
delivered is regulated by the throw of the plate. The mechanism 
is so made that this throw can be quickly adjusted, thus increasing 
or decreasing the amount delivered by each reciprocation. 


(3044 a. b. c.) Reciprocating feeder. 


The three different views show the method of operation. The 
movement forward of the plate ( Position B) carries the coal with 
it, while the supply in the hopper crowds down to fill the space 
made vacant. With the return movement of the plate (Position 
C) the material is forced over the end into the bucket (or crusher, 
if crushing is necessary ).\When the plate is in its innermost posi- 
tion the outer end should be slightly beyond the line of repose of 
the coal. 

Provision should be made for the installation of a crusher. If 
fine or crushed coal is received it can be by-passed around the 
crusher. 

As it is not always possible to obtain small coal the crusher will 
be found necessary, and should be placed as near the receiving 
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point as possible, so as to avoid the use of large machinery to 
handle the large lumps of coal. 

The crusher (see cut 2071) should be of a very rugged design, 
and provided with spring release, so that should obstructions, such 
as wood or iron, get into the rolls the latter would spread suffi- 
ciently to allow the foreign materials to pass between them with- 
out danger of smashing the frame. 


CRUSHERS. 
Crusher Tons Max. Crush- Speed 
Size. Cap. Lumps. edto. H.P. Reqd. Rolls. 
28/’ x 24°’ 5 R. of M. 4:10 56 


(2071) Crusher with spring release. 


From this stage on the machinery may differ, according to the 
requirements, and may be divided into two classes :— 
A. An elevator with separate conveyor, or 
B. A combined elevator-conveyor. 
Elevators ave of four types, namely :—- 
1. Centrifugal Discharge. 
Perfect Discharge. 
3. Continuous Bucket. 
4. Skip Hoist. 
1. Centrifugal Discharge Elevators (see cut 1832), consist of a 
single strand of chain or belt with buckets attached at intervals, 


Speed ; 
Ctr. 
150 
200 
200 
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and run at high speeds of from thirty to forty revolutions of the 
head shaft, or from 200 to 400 feet bucket speed. The coal is 
thrown out and has considerable breakage, with a great deal of 
dust. 

2. Perfect Discharge Elevators (see cut 1831), consist of two 
strands of chain with buckets at intervals between. A pair of 
idler wheels set under the head wheels cause the buckets to be com- 
pletely inverted and make a clean delivery into the chute at ele- 
vator head. ‘The speed is much slower than the Centrifugal Ele- 
vator. 


(1831) Perfect discharge Centrifugal discharge 1829) Continuous bucket 
elevator elevator. elevator. 


3. Continuous Bucket Elevators (see cut 1829), are of either 
single or double strand chains, with buckets attached continu- 
ously. Each bucket after passing over the head wheel acts as a 
chute for the following bucket. The speeds are slow—from 90 
to 200 feet per minute. 

4. A Skip Hoist consists of a large bucket or skip connected to 
a hoisting drum by means of wire ropes. The skip runs between 
guides or tracks so arranged that at the top the bucket is inverted 
and the load dumped. ‘This machine requires an attendant at the 
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loading point. When an electric hoist is used an automatic re- 
verse attachment is employed, so that by throwing in a switch the 
skip will rise, discharge its contents, and then automatically re- 
turn to the loading point. 

Conveyors may be Screw, Scraper, or Belt. 

Screw Conveyors consist of a helical steel flight mounted on a 
shaft (solid or pipe), and run in a [J shaped trough. These 
come in sections from eight to twelve feet long and from nine to 
eighteen inches in diameter. The capacity ranges from ten to 
thirty tons per hour with speeds of about sixty revolutions per 
minute. 

It is not advisable to use this form of conveyor for coal, as it 
will only handle the smaller sizes, and is easily damaged by any 
foreign substance of unusual size or shape. 

Flight Conveyors consist of a trough of any desired cross sec- 


(3449) Plain flight conveyor—maximum chain. 


tion, either single or double strand of chain carrying scrapers or 
fights of approximately the same shape as the trough. The 
lights push the coal ahead of them to any desired point, where it 
is discharged through openings in the bottom of the trough. 

Flight Conveyors are of three types :— 

Plain Flight. 
Suspended Flight. 
Roller Flight. 

The Plain Flights (see cut 3449), are attached to the chain, and 
drag along the bottom of the trough. Conveyors of this type are 
of low first cost, and useful when noise is not objectionable, but 
require more power than the other two types. 

The Suspended Flights (see cut 1555), are attached to cross bars 
having wearing shoes at the ends. These shoes slide on angle 
iron tracks on each side of the conveyor trough. The flights do 
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(1555) Suspended flight conveyor at Erie Railroad Co., Jersey City, N. J. 
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not bear on or touch the trough at any point. This type is of 
higher first cost than the scraper, but takes about one-fifth less 
power, and is used where quietness of operation is a considera- 
tion. 

The Roller Flight (see cut 1704), is similar in construction to 
the suspended flight, except that rollers replace the wearing shoes. 
It is of highest first cost, but has the advantages of low power 
consumption (about two-thirds that of scraper), and noiseless 
operation. 


(1704) Roller Flight Conveyor—Monobar Chain. Allegheny City Water Works, 
Allegheny, Pa. 


CAPACITY OF FLIGHT CONVEYORS IN TONS PER HOUR AT SPEED 
OF IOC’ PER MINUTE. 


Material 50 lbs. Per Cubic Foot. Flights Spaced 24’ C. 

SINGLE STRAND. DOUBLE STRAND. 
Size of Inclination of Conveyor Size of Inclination of Conveyor 
Flight oO 10 20 30° Flight oO 15° 30 
4°? x 107" 22 18 14 oY x 107" &2 62 4! 
24 10°" x 20/7 63 
x 12/7 107" x 24° 77 
x 60 31 sa? x 135 
x 18/7 go 5 x 31: 157 


8’ x 20 105 4 x 48/’ 180 


° 


Belt Conveyors (see cut 2327), consist of head and foot drums 
or pulleys connected by an endless flexible apron. This apron is, 
usually, of rubber or cotton belt. The intermediate supports for 
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the belt consist of idler pulleys spaced from 4 to 5 feet on the 
carrying side, and about 10 feet on the return. 

The carrying idlers are so shaped that the belt is troughed for 
its entire length. When properly designed, and under certain 
conditions, belt conveyors prove highly satisfactory, and are bet- 
ter in some cases than any other type of conveyors. To give the 
best and most lasting results the belt should not be excessively 
troughed, and the idlers thoroughly lubricated. The speeds 
vary from 200 to 800 feet per minute, and have capacities as fol- 
lows: 


CAPACITIES BELT CONVEYORS IN 
TONS AT 50 LBS. CU. FT. 


Width Velocity of Belt Feet per min. Note.—At 400’ per min. 
of Belt. 200 300 4co 500 600 the capacity in tons per 
14/’ 24.5 30.7 49. 61.3 73. hour (for coal at 50 Ibs. 
16/7 32. 48. 64. 80. 96. per cu. ft.), is equal to one- 
20/7 50. we 100. 125. 150. half the width of belt 
24/7 72 8 210. WwW 

sO 362. 243. 324. 405. 486. hour. 


The limiting angle for belt conveyors is about 20°, as above 
this the coal will slide or roll back-and spill, even at 20° the 
feed must be steady, so that the material forms one continuous 
pile along the center of the belt. 


i 
3 
(2327) Belt conveyor at Maryland Steel Co., Sparrows Point, Md. 
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Belt conveyors have high carrying capacity and low power 
consumption, but are relatively high in first cost and repairs. 
Where discharge at intermediate points are required a traveling 
tripper or dumper is used. This can be hand propelled or power 
driven, the power being supplied by the belt. 


(3195) Gravity discharge elevator conveyor. 


H.P. OF 100’ CONVEYOR AT 100’ PER MIN. FOR COAL. 
Incli- — Size of Belt. 
nation. 14’ 16/7 
-45 
-59 
-73 
.87 
Note: Add 20% to H.P. if Tripper is used. 
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(3010) Pivoted buckets with retrievers. 


B. Combined Elevator Conveyors are of the following types: 
1. Gravity Discharge. 
2. Rigid Bucket Carriers. 
3. Pivoted Bucket Carriers. 

1. The Gravity Discharge type (see cut 3195), consists of 
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V-Buckets rigidly attached at intervals between two strands of 
chain (preferably roller), After passing around the turn wheel 
from the vertical to the horizontal, the buckets act as conveyor 
flights and convey the coal similar to a scraper conveyor. This 
is the cheapest form of combined elevator-conveyor, and is eco- 
nomical of power. 


H.P. OF V-BUCKET ELEVATOR-CONVEYOR AT I00’ P.M. 
AND CAPACITIES. 


HP forea. 10’ Vert. Lift 23 9 3.8 1.49 
HP ** geo’ Hor. Barty 1.3 9 16 
26 25 40 2.3 4.7 2.8 8.8 4.8 12.4 6.6 
Bit. 5-3 3.0 6.5 3.6 12.3 6.6 18. 9.4 
Capacities level full 
tons per hour 34 61.4. 30,7 78 39 82.5 124 
2. Rigid Bucket carriers are made of specially shaped buckets < 
carried between two strands of long-pitched steel roller chain. 
The buckets are shaped so as to carry coal around three sides of a < 


rectangle. ‘To discharge the load it is necessary to temporarily 
invert the bucket by passing through a dumping carriage. 


3. Pivoted Bucket carriers consist of malleable or wrought < 
steel buckets suspended from shafts running between two 

< 

strands of long-pitch chain. The buckets are arranged so that ’ 


their adjacent lips are close together or overlapping. Carriers 
in which buckets do not overlap should be fitted with auxiliary 
buckets or retrievers arranged in such a manner as to catch the spill 
(see cut 3010),which falls between the lips at the loading point, 
and designed so as to return the coal thus caught to the pivoted 


buckets as the conveyor changes from the horizontal to the ver- R 
tical run. The overlapping bucket (see cut 2027), is pivoted 

from an extension arm of the inside chain links. On account of M 
this when the buckets pass around the corner turns they describe : 
a larger curve than the chain proper, and separate to such an ex- “ 
tent that there is no interference between the overlapping lips, B 


and are at all times, except when discharging, in a natural hori- 
zontal position. Pivoted buckets will carry around four sides of 
a rectangle, and are dumped on the horizontal run over a cam 
dumper. The turns under stress should always be over wheels, 
and not around curves. 
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CAPACITIES AT 40’ PER MINUTE. 


Max. cap. Tons per 


Size. Bucket lbs. hr. at .8 
x 18/7 84 
24”" x 24”" 112 
24’’ x 307’ 140 
24’’ x 163 
24’” x 196 
x 224 
Maximum Speed 60’ per min. 


max. 


(2027) Pivoted buckets—overlapping type. 


H.P. OF PIVOTED CARRIERS. 
PATH. Coal 

Place of Installation. Hor. Ver. Handled. Speed. 
Rockingham L. & P. Co., 

Portsmouth, N. 52” Bit. Slack. 38’ 
Washington Navy Yard.. 33’ Crushed Bit. 46’ 
Penna. Railroad, Rerovo.... 49’ 45’ 
Penna. Railroad, Altoona... 
Wanamaker Power House.. Buckwheat 42’ 
Brooklyn H’ts R. R. Co....380° 54’ 

*Drives Reciprocating Feeder. 


OVERHEAD STORAGE. 


The storage of coal overhead enters very largely and vitally 


into the cost of handling: 


Cap. 


H.P. 


Tons. Empty. 


30 
30 
33 


33 
40 
92.3 


3-3 
3.0 
2.7 
2.4 
6.2 
9.9 
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5-3 
15.4" 
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1. Convenience. 

2. It avoids the expensive wheeling in case of a breakdown of 
the machinery. 

3. Avoids running the machinery continuously. 

4. Coal under cover will not freeze in winter, and clog the 

supply pipes to the boilers. 

5. Sometimes cheaper to store overhead than to use valuable 

ground space. 

6. As distinguished from vault or outside storage it is cheaper 

to build steel bins than masonry pits. 

The amount of this overhead storage depends a great deal 
upon local conditions, and whether coupled up with an outside 
storage. 

For power, lighting and pumping stations where the results of 
an enforced shut-down, through lack of fuel, would be disastrous, 
the capacity of this storage should be of sufficient amount to sup- 
ply the wants during the interruption of the supply. For ordi- 
nary conditions this should be of sufficient amount to take care of 
a five- to ten-days’ run when the plant is working at full capacity. 

The smaller overhead bins are, usually, constructed of steel. 

The cheapest type of steel bin is the “Berquist Suspended” 
Bin (see cut 2344), and is made in sizes from one ton per foot ca- 
pacity up. 


COMPARISON OF WEIGHTS OF DIFFERENT SHAPED BINS. 


Total Cap. Total Weight Proportional. 
Place of Cap. per ft. Weht. without Without 
Installation. Tons. Tons. Steel. Spts. With Spts. Spts. 

Coal. Steel. Coal. Steei, 

Crucible Steel*...350 3 113,300 87,250 6.15 I 8 I 
Morrison & Cass*.500 3 111,600 81,725 8.95 I 12.2 I 
Conn 1% 35,900 23,390 4.23 I 6.5 I 
Raritan Cop. Co..118 1% 40,350 40,350 


For the larger sizes, say above six tons per foot capacity, the 
usual construction is a combination of a steel skeleton with rein- 
forced concrete floor and sides. 

Spouts from overhead storage to boilers should be of ample 
size to permit the passage of coal without clogging, and for 


*Berquist Type. 
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(2444) Boller house equipment. Crucible Steel Co.. Jersey City, N. J. Consists of 350-ton Perquist suspension bunker with elevator and conveyor for delivering coal to 
Same and crusher for crushing coal, as it is automatically delivered from track-iiopper by means of a Link-Belt reciprocating feeder. Machinery electrically 
driven. Capacity 40 tons per hour. Designed and constructed by The Link-Belt Co., Philadelphia, New York and Pittsburg. 
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crushed bituminous coal should not be less than twelve (12) 
inches in diameter. 

Other forms of storage are the vault storage, where the rail- 
road cars are run onto a trestle and dumped, and the independent 
bin along the front of the boiler house (see cut 1533). Both of 


(2634) Outside storage—bituminous coal. Thomas Potter Sons & Co., Philadelphia, Pa. 


8496) Outside storage—anthracite coal. Weideman Silk Dyeing Co., Paterson, N. J. 


these types are common where the boilers are in a single line. 
The coal is shoveled to the boiler, or chuted to machinery which 
takes it direct to the stokers or small overhead bin. 

For small plants a very efficient rig is the Traveling Elevator, 
but the cost of installation, including storage pit, foundations 


PATJOULODOT 


7 
| 
Sips: 
TS 
Rail) > ‘ |} 
~ 
— 
é 


( Cochrane) 


Total Capoety of Pile Tons por Running Fost fer Bitumnous Coal 
; 


188-2 fer Coa! 
Anthracite 


Cross Section THROUGH Brruminous 


(2023) Trestle storage with locomotive crane. 
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and structural supports for track, will run much higher than an 
overhead bunker of the same capacity. 

Ground or Outside Storage (see cuts 2634 and 3496). 

This may be divided into two classes,—Bituminous and An- 
thracite. 

The maximum depth at which soft coal is stored should not be 
more than twenty-five feet, and sometimes as low as fifteen feet, 
owing to its tendency to spontaneous combustion. 

Trestle Storage, say twenty feet high, will stock out twenty 
tons of Bituminous and twenty-five tons of Anthracite coal per 
running foot of trestle. For a five thousand ton pile it requires 
about two hundred and fifty feet of trestle for Bituminous, and 
about two hundred feet for Anthracite. With an approach on a 
grade of five per cent. this would make the total length of trestle 
over six hundred and fifty feet. With the price per thousand 
feet b.m., including bolts at $35.00, the cost of a trestle twenty 
feet high would be $7.36 per foot, and the total cost would be 
about $4300.00, excluding foundations. Adding to this the 
cost of trackmaking would bring the figure up to about $5000.00. 

Trestle Storage in connection with a locomotive crane (see cut 
2023), reduces the amount and height of trestle, and 5200 tons 
can be stored in an area of 190’ x 125’ for Anthracite and 155’ x 
110’ for Bituminous. 

With a 35’ radius crane one man can handle 450 tons a day. 
Figuring for crane repairs, depreciation, interest, wages and 
power, the cost per ton would be from I}¢ up to 2c. To this 
must be added the cost of trestle. 

Another form of crane storage consists of a central dumping 
pit, with a circular track radiating from the pit. 

With cranes of radii of 35’ to 80’ from 6000 to 40,000 tons 
can be stored in this way (see cut 3533). This is the cheapest 
storage system for large bodies of bituminous coal, and combines 
low cost of handling with low investment cost. 

Another type is the Bridge Tramway (see cut 2408). This 
shows a 280’ span bridge equipped with a two-ton self-filling 
bucket. The bridge swings through an are of 170° and com- 
mands a storage of 50,000 tons. If the circle was completed the 
storage would be over 100,000 tons. This type is also made with 
parallel traverse. Cut 2576 shows a combination of bituminous 
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(2576) Dodge coal storage plant. N. ¥, Edison Co., Shady Side, N. J. Bituminous and anthracite, 
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and anthracite storage at the New York Edison Company, 
Shadyside, N. J., opposite New York City. The accessibility of 
this base of supply enables the company to meet the fueling de- 
mands of its various stations in New York and assures the 
continuity of their operation. Anthracite is delivered at the 
storage plant by either rail or water. Bituminous by water only. 

The Dodge System was the first and is the most successful ap- 
plication of engineering practice in the storing of Anthracite 
coal. Its effectiveness is due to simplicity of design, mechanical 
efficiency, and the economy resulting from its operation. It 


(1533) Bin along front of boilers. Penna. Mfg. Light and Power Co., 
Tacony, Philadelphia, Pa. 


consists of a chain conveyor supported by a shear truss, consti- 
tuting a trimming machine, which piles the coal without break- 
age, delivering it upon the ground or at the ascending apex of a 
pile as it is formed, and a pivotal or radial ground-conveyor, 
called a reloader, mounted on a steel frame, and power actuated 
in all its movements. 

As usually arranged for open-air storage on levelled ground, 
two trimming machines and one reloading machine located be- 
tween them constitute one group. 

Cut 3017 is a general view of the 480,000-ton Bridgeport 
Transfer of the Philadelphia & Reading Coal & Iron Company, 
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at Abrams, Pennsylvania. The immense tonnage of this plant 
is divided into eight (&) piles, four on each side of a central 
railway system—each pile having a capacity of 60,000 tons. The 
stocking out capacity is 14,400 tons per day, and the reloading 
into cars of 10,000 tons per day of ten (10) hours. 


THE JAPANESE INTERNATIONAL EXPOSITION. 


Aoyama, one of the highest and most beautiful parts of Tokio, has been 
chosen as the site jor the Grand Exhibition of Japan, to be held from Apri! 
1 to October 30, 1912. The exhibition grounds will cover a total area o! 
about 290 acres. A road about 480 feet in width will be built, connecting 
the Aoyama parade ground anc the imperial property, near by. Thus far a 
number cf nations have sent their approval of the exhibition to th« 
Japanese Government. The exhibition is to be held, not for the purpose 
of commemorating any historical event, but to show to the world the de 
velopment and progress of Japan. The government has planned to spend 
$5,cco,coo from the national treasury, and it is expected that the various 
provinces and municipalities will appropriate $5,0c0,000 more to the exhi 
bition. The city of Tokio will contribute $2,500,000 as its share.—/rov 


Age. 


A new coal field is being opened up near the coast of California, be 
tween San Francisco and Los Angeles, which is expected to have an im- 
portant effect on the fuel supply conditions in that State. Unlike most 
becs in the State, which are lignitic in character, this one is an 18-foot seam 
of semi-bituminous coal. It is expected that several hundred tons of coal 
per day will soon be produced by these mines, and about 1% miles oi 
gangway have been opened up.—/ron Age. 


A 24,000-h.p. steam turbine, which is probably the most powerful turbine 


for stationary service yet ordered, is reported to be under construction at 
the Mannheim Works of Brown, Boveri & Cie., for the Krupp steel works 
and blast furnace plant at Rheinhausen.—J/ron Age. 
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Mechanical and Engineering Section. 


(Stated meeting held Thursday, March 26th, 1908. ) 


Casting Pipes in Permanent Molds. 


By Epcar A. CUSTER. 


In the February issue of a magazine devoted to foundry prac- 
tice, a writer in speaking of the limitations of molding machines 
made this statement: “.\ mold that molten iron would not de- 
stroy or one in which the evils.of unequal heating and cooling 
would not show on the finished article, was as far removed as 
the Philosopher’s Stone.” 

The purpose of this paper is to describe method and apparatus 
using permanent molds, that the hottest iron attainable from the 
cupola does not destroy, and produces cast-iron pipe in which the 
supposed evils of unequal heating and cooling not only-do not 
appear, but do not exist. 

So-called permanent molds are not new. For many years 
small iron castings have been successfully miade in iron molds, 
and this without great detriment to either the casting or the 
mold. ‘These castings, however, were invariably very small and 
were chilled to extreme hardness. Fortunately it was not neces- 
sary to machine them. This limited the use of such molds very 
materially. Some years ago the Latrobe Steel Co. cast car 
couplers in iron molds. Within a few months, an article has been 
published, describing a successful method of making brake shoes 
in this manner. These shoes weighed about twenty pounds each 
and with the exception of steel ingots and car couplers were the 
heaviest castings made in iron molds. So far as can be learned, 
this is about the extent of the art. It has been the dream of 
every foundryman whose trade requires a large number of dupli- 
cate castings, to make these castings in molds that would not 
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only survive the process, but would also produce castings that 
would be marketable and be easily machined. 


THE METHOD RELATES ONLY TO SOIL, WATER OR GAS PIPE. 


You are probably all familiar with soil pipe making. Iron 
flasks, a cope and drag, are rammed with sand over a metal pat- 
tern; a green sand core is introduced, and the cope and drag are 
clamped together. The pipe is then poured, with the pipe in a 
horizontal position, and after cooling, the pipe is removed from 
the flask and carried to the end of the floor where the cores are 
removed. ‘Then it is carried to the cleaning room where the sand 
is rattled off, the gates and fins are removed, and after inspection 
it is ready for shipment. Altogether the pipe has to be handled 
ten times. In this process the loss is very great. So much de- 
pends upon the condition of the sand; it may be too wet or too 
dry; the molder may ram carelessly, or may pour his iron negli- 
gently, so that the foundry loss often reaches 12% to 15%. In 
summer weather the output is decreased 25% to 40%, due to the 
inability of human beings to stand the exacting and exhausting 
labor. Only one heat a day can be poured in any season. In 
fact, with very few improvements, and these relating mainly to 
cores, we are making soil pipe in precisely the same manner and 
with just as much labor per pipe as was the practice fifty years 
ago. It is true that the workman of to-day makes more pipe in 
one day than his grandfather did, but this is due more to the fact 
that the present-day workman is working by piece and has be- 
come infinitely more skilled in saving the seconds of time for each 
particular operation and avoiding the useless motions in perform- 
ing them. Any process that would save the use of sand for the 
mold and would produce pipe that could be easily cut would of 
necessity be very desirable. If in addition it would obviate clean- 
ing and chipping and could be run continuously night and day, 
it would very nearly meet the conditions of an ideal business. 
When experiments to discover and perfect such a process were 
undertaken, the first mold made was closely modelled from the 
flasks in use in the sand process. In fact, all the traditions of 
foundry practice were closely followed. The apparent danger 


of pouring molten iron into iron molds encasing a damp sand 
core, was considered to be serious, and the problem of disposing 
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of the resultant gases was thought would prove to be a great one. 
Again, the pipes were less than one-fourth inch thick and it was 
necessary to pour the iron very quickly. So far as was known, 


no one had successfully poured a complete pipe in an iron mold, 


and such attempts that had been made had destroyed the mold 
very quickly. A mold six feet long would be permanently 
warped in a short time, hence it is not surprising that the experi- 
ments were approached with considerable trepidation. ‘The first 
mold made consisted of a cope and drag, each six feet long, ten 
inches wide and six inches thick, with gates cut into the drag, as 
shown in Fig. 1. This mold was cast of very soft iron and the 
pipe shape bored out. The pouring holes “A” were tapered 
so that when the cope was removed the iron in them could be 
easily knocked out. In order to avoid as far as possible all 
traces of moisture the mold was heated to 500° F., an ordinary 
green sand core was inserted and four men poured molten iron 
into the gates. These men wore goggles and were swathed 
completely in wet cloths. We did not then know what would 
happen. As it turned out nothing happened—not even a sem- 
blance of pipe—the gates were too small. A short session with 
a hammer and chisel made them larger, and on the second at- 
tempt a complete pipe was poured. It was not a remarkable 
pipe except for its defects. It was streaked with cold shot, the 
top was filled with flat spots where the gases had been trapped, 
and it was as hard as flint. After an infinite number of experi- 
ments the mold now in use was evolved. A complete description 
of this mold as it appears on the machine will be given later. 
After fifty or sixty pipes had been cast in this mold, it became 
badly cracked around the gates, and as the process of casting 
was continued these cracks extended into the barrel of the mold. 
This we attempted to obviate by casting into a new mold very 
thin strips of mica, extending throughout the length of the mold 
and placed radially at intervals around the barrel or mold cavity. 
The cracks we found in this mold would start as before but wouid 
stop when the mica was reached. <A good illustration of this 
effect is shown by the fact that a small hole drilled at the ex- 
tremity of a crack in a sheet of plate glass immediately stops the 
further extension of the fracture. In time the whole face of the 
mold would show a collection of fine cracks, most of which 
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could only be seen with a magnifying glass. They rarely ever 
were more than 1/16 inch deep. After probably 200 pipes had 
been cast the surface of the mold in contact with the molten iron 
resembled an extremely hard graphite. It was dull black in 
color but did not scale or shell off. In order to thoroughly test 
the mold, the ends were stopped up with sand and the entire bar- 
rel, without a core, was filled with molten iron. This was done 
thirty or forty times without any appreciable deterioration of the 
outline. The only care exercised was to take the casting out be- 
fore heavy shrinkage set it. In order to still further test it, the 
mold was heated to a temperature of about 1100° F, ina furnace, 
but it was found impossible to produce pipe under these condi- 
tions. ‘The molten iron danced in the mold like water on a hot 
griddle and the resultant pipe was a collection of closely-knit 
globules. It was found that the safe casting heat of the mold 
was about 700° F., but that in a practical working 250° F. to 
400° F. was the highest heat the molds reached. The actual 
time in which metal set was carefully noted and the behavior of 
the cast metal at extremely high temperatures was observed. 
Irons high and low in silicon, sulphur, carbon or phosphorus 
were cast a great many times and copious notes were taken in 
each case. A small chemical laboratory was established for this 
work. In all over 4600 pipes were cast in 4” pipe mold, 2700 in 
a 2” mold and over 1100 in a 6” mold. Not one of these molds 
shows any signs of deterioration over and above the first cracking 
as described before; in fact, they are in a far better condition than 
at the start. Each one has been purposely abused and submitted 
to treatment that never occurs in practice. <A straight edge to- 
day laid in the barrel shows the surface to be perfectly straight 
and the 4600 pipe shows the original marks of the boring-out 
tool. 

It was found that an iron running from 2.00 to 2.25 silicon 
and high in carbon produced the greatest number of perfect 
pipes, and when cast-iron of this silicon had a comparatively low 
sulphur content, the result was still better. Further experiments 
showed that powdered ferro-manganese when added to the 
molten iron, immediately combined with the sulphur as a man- 
ganese sulphide, and rose to the top of the liquid mass as a slag. 
An excess of manganese, however, produced a hardening effect 
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as it formed with the carbon, a carbide which in itself is an ex- 
tremely hard substance. 

These features made it possible to use a high sulphur cast-iron, 
providing its other contents approximated the figures given 
above. 

It was then noted that pipes that remained in the mold until a 
dull red heat was reached were very hard, and in most cases 
were too hard to cut. When they were taken out at a bright 
yellow heat and allowed to cool normally they were perfect in 
texture. It was further noticed that when the dull red pipes 
were piled with the very hot bright yellow pipes, an annealing 
process was set up that brought the iron in the dull red pipes into 
a workable condition. This feature of temperature was the sub- 
ject of a long and patient investigation and the causes leading 
thereto may be now briefly stated. 

Pure iron possesses no fluidity, or the property of low shrink- 
age, nor does it possess varying degrees of hardness. It is ob- 
vious then that the characteristics of cast-iron, whicl? possesses 
these qualities in a high degree, are due to the presence of impuri- 
ties, such as carbon, silicon, phosphorus, ete. Carbon is the main 
element and exists in cast-iron as combined and free carbon. 
The amount of free carbon, which is the principal softener of 
cast-iron, depends principally upon the rate of cooling. If molten 
iron high in carbon be cooled slowly the free carbon separates out 
in the form of graphitic carbon. If this molten iron be suddenly 
cooled, the carbon is caught before it has time to separate and is 
held in an atomic condition by the enormous pressure of the sur- 
rounding iron. Therefore, the fracture of a pig of iron is gener- 
ally an index of the rate at which it is cooled. If the suddenly 
cooled iron be re-melted and slowly cooled, it will assume all the 
characteristics of soft iron. The graphitic carbon will become 
plainly separated and large crystals will be formed. It may be 
stated that cast-iron in a molten state is a solution of carbon and 
iron and the mass is homogeneous. 

Silicon in itself confers no benefit on cast-iron. It is only its 
influence on the carbon contents that produces beneficial results. 
On the other hand an excess of silicon renders cast-iron abso- 
lutely unfit for use, making it very hard and brittle. A small 
quantity through its action on the carbon, reduces shrinkage, in- 
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Artors and finished cores, ready for setting. 


Original pouring device, lad'e in highest position. 
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View of machine. 


Finished pipe before removal of arbur. 
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creases strength and increases fluidity. Given then cast-iron 
comparatively high in carbon with the proper amount of silicon 
and the ideal conditions are attained. The uses of phosphorus 
and manganese are too well known to require discussion and play 
no part in the method except as correctives. Keeping these 
facts in mind it may be stated that an ordinary foundry iron very 
nearly fulfils these conditions, with the exception of sulphur. 
Molten cast-iron is therefore a solution of carbon in iron with the 
addition of silicon, phosphorus, sulphur and manganese, all 
forming a homogeneous fluid mass. Now, if this mass be sud- 
denly cooled, it is still homogeneous, the different elements not 
having time to segregate. If the cooling be continued at the 
same rapid rate until a temperature of about 1600° F. is reached 
the iron becomes very hard and brittle. But if this sudden cool- 
ing is carried out only until the iron is set, and is then removed 
from the cooling influences, thus allowing the iron to lose its heat 
normally, the result is a Structure whose fracture shows a very 
fine, close grain. It is tough, since all its particles are thoroughly 
interlaced, and it is strong because very nearly all the carbon is 
held in the combined state. In other words, it is homogeneous. 
Now, let us try to make this vital point plainer. 

In a casting, such as a thin pipe, when cast in an ordinary sand 
mold, it requires about one minute to cool from the temperature 
of molten iron to the point at which the metal is set. It is in this 
period that the detrimental effects as shown in cold east-iron are 
produced. Phosphorus and sulphur and carbon segregate, and 
graphitic carbon is formed. Bear in mind that in this period the 
iron is in a liquid state with all its elements free to move. Once 
the casting is set all segregation ceases, and the remaining carbon 
begins its beneficial work. As the iron loses its heat at a normal 
rate, annealing and carbide carbon are formed, both of which im- 
prove the quality of the metal. Now, if we suddenly shoot the 
molten iron into an iron mold it sets very quickly and the evil 
period is reduced in time from sixty seconds to two seconds—so 
short a time, in fact, that all the impurities are held in the position 
they occupied in the molten mass. The evils of sulphur and 
phosphorus are reduced to a minimum since they are in practi- 
cally an atomic condition and are distributed evenly throughout 
the casting; and since no graphitic carbon is formed all the car- 
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bon exists as combined carbon, with a corresponding increase in 
its power for improvement. If the casting is removed from the 
cooling influence, in this case the iron mold, and allowed to cool 
normally, the ideal conditions are obtained. Chilling cast-iron to 


Immediately after pouring. Mo'd entering cpening device, showing ends of core arbors and mold 
partially open, 


the point of extreme hardness is purely a mechanical process and 
the point to which the process of sudden cooling can be carried 
can be determined to an absolute certainty. It is simply a ques- 


a 


438 Custer: 


tion of time. The data collected show that a two-inch pipe can 
be removed two seconds after pouring, and should not remain in 
the mold more than six seconds. A six-inch pipe can be re- 
moved in six seconds after pouring and should not remain more 
than twelve seconds. ‘This time depends upon the thickness of 
the pipe walls. Very thin pipe would require not only a 
shorter time in the mold, but should be cast of iron higher in 
silicon. The reason for this is that silicon, by its action on the 
carbon, keeps the iron in a fluid state longer than normal. Every 
foundryman knows there are irons in which it is impossible to 
form a chill, and there are other irons in which it is impossible to 
prevent it. The same limitations apply to making pipe as to the 
making of other iron products. A suitable iron must be provided 
if the very best results are to be obtained. This statement ap- 
plies to any branch of the foundry business and is not set out as a 
new discovery. What is claimed and demonstrated is, that a 
poor iron is improved and rendered suitable for the work in hand. 

With the data obtained the work of designing a machine that 
would operate continuously was begun. The experiments had 
shown that when pipes were cast in a mold every eight minutes, 
the temperature of the mold never rose above 450° F., even if the 
operations were continued for hours. If pipes were poured every 
two minutes the temperature of the mold rose rapidly, and at 
goo” F. it began to warp. In order to follow the best conditions 
and avoid the worst, the following apparatus was designed : 

The machine consists of an angular table or ring approxi- 
mately forty feet diameter outside, carrying thirty molds, ar- 
ranged at equal intervals thereon. The table is constructed of 
two concentric rings of channel beams, connected with thirty 
cross pieces or trucks, each of which has two wheels having roller 
bearing axles. These wheels are arranged to run on concentric 
circular tracks set in concrete foundations. The tracks are ar- 
ranged as if on the surface of a cone and by this means is created 
a tendency of the table to resist any movement other than rotat- 
ing about its center. Either outer or inner track may be the 
higher as the effect is the same in either case. 

Each truck or cross bar of the table carries a steel pin working 
loosely in a vertical hole, and of such length as to allow about two 
inches of pin to project below bottom line of truck, but admitting 
of being pushed up until flush with bottom of truck. 
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Under the table or ring, at two diametrically opposite points, 
are arranged two hydraulic cylinders which slide in ways similar 
to a planing table, the pistons within the cylinders being held sta- 
tionary and the cylinder moved back and forth by the operation 
of a four-way valve controlling the admission of water, altern- 


End view original pouring device. 


ately to each end of the cylinders. The stroke of the cylinders is 
of such length as to be slightly more than the spacing of molds 
carried by the table, and projecting from the top of cylinder is an 
inclined plane surface designed to lift the pins in the trucks, when 
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the cylinders move in a direction opposite to the required motion 
of the table, and to allow a pin on each side to fall, after the in- 
clined surface has passed. This occurs at or near the end of the 
backward stroke of the cylinders, and when the controlling valve 
is so moved as to cause the cylinders to move forward, the pins 
which have been lifted and allowed to fall are brought in contact 
with the projections on the cylinders and hence the table is car- 


Mold entering closing device. Core in place. 


ried forward by the motion of the cylinders, a distance equal to 
the spacing of the molds, and the cylinders are ready for another 
return or back stroke to engage the next pins, thus intermittently 
moving the table ahead one space at each cycle of the cylinders. 

The center of the table is left open for the location of hydrauiic 
pumps, operating valve reservoirs, etc., required in imparting 
motion to the table. This table makes one complete revolution 
every seven and one-half minutes and consequently produces 
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thirty (30) pipes in that time, or two hundred and forty pipes an 
hour. 


At certain points about the table are arranged closing and open- 
ing devices, which are designed to close the mold, or bring the 


Setting core. 


cope side down to its place on the drag side, without shock, after 
the cores are set in place, and to open the mold or lift the cope 
after the pipe has been poured. 

Between the closing device and the opening device is located 
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a pouring device adopted to receive the molten metal from the 
cupola and pour it into the molds. 

DESCRIPTION OF MOLD, 


Each mold consists of a rectangular block of cast iron, approx- 
imately eighteen inches wide and eighteen inches high, by six 
feet long. parted on a diagonal line across the corners, and pro- 


Finished pipe and core arbor. Molds open. 


vided with hinges at the lower edge of the parting so as to allow 
the upper portion or cope to be swung up and back from the 
lower portion or drag. These molds weigh about 6500 pounds 
complete. 

At the center of the mold is the cavity into which the metal is 
to be poured to form the pipe. Thus one-half of the pipe is 
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formed in the upper and one-half in the lower portion of the 


mold. 
Gates are cut in the face portion of the lower part or drag of 


Making cores and core machine. 


such size and shape as to receive the molten metal from the ladle 
and guide it into the mold. Three such gates are used, each di- 
viding into two portions and so entering the cavity of the mold 


at six points. 
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(a) These gates are so shaped as to receive the shock of the 
falling stream of molten metal at a point outside of the mold 
cavity, and convey it into the mold quickly but gently so that the 
core is not damaged by a rush of molten metal against it. 

(b) At the highest point of the barrel of the mold a small 
groove is cut, extending throughout the entire length of the bar- 
rel. This groove, which is quite small, being only one-eighth of 
an inch wide and deep, is intended to receive any gases or air 


Motors, pumps, valves, piping and reservoir. 


which may be trapped in the mold, and so avoid the formation of 
flat spots at the top of the pipe. The resultant ridge not being 
prominent is not an objection but rather adds to the strength of 
the structure. 

On one end of each mold is carried an arm rigidly attached to 
the upper or movable half. This arm extends under the mold 
and is of such form that when the mold is open it forms a rest for 
the movable half, holding it in such position as to allow of any 
work, such as setting cores, removing finished pipes, cleaning, 
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etc. On the end of this arm is a steel roller which is caused to. 
travel down an inclined plane by the rotation of the table carrying 
the mold. ‘This inclined plane is arranged to receive the roller 
at its higher position when the mold is open, and to guide it 


Open mold, showing finished pipe. 


smoothly to its lower position, by this means closing the mold 
without shock or jar to disturb the core. This inclined plane 
constitutes the closing device. 
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Each end of the mold is provided with rings or bushings which 
are used to support the core arbor in a precisely central position 
in the cavity of the mold, so that the pipe when finished shall have 
uniform thickness of metal at every point. 

The core arbor consists of a cast-iron hollow cylinder some- 
what longer than the pipe to be cast and about three-quarters of 
an inch less in diameter than the inside diameter of the pipe. It 
is perforated throughout most of its length by small holes to 
allow any gases formed by contact with the molten metal to pass 
into the arbor and so have free vent to che air through the ends 
of the same. 

Each end of the arbor is accurately machined to fit the rings or 
bushings in the ends of the molds. 

The core is made by placing the core arbor in the core machine, 
which consists of a support for the ends of the arbor, semicircular 
in form, and of a diameter to fit the arbor ends: a shaking screen 
arranged to sift sand, and a guide to drop it upon the arbor, and a 
knife, so shaped as to form the sand to the outline of the inside 
of the pipe. 

The core arbor after being wet thoroughly is placed in the end 
supports and rotated by a crank-shaped piece of iron held loosely 
in one end, by an operator. At the same time another operator 
shakes a sieve suspended over the arbor and previously filled with 
sand, tempered to the proper degree with water. This sieved 
sand is caused to fall directly upon the wet, rotating arbor and 
clings to it. The surplus sand is scraped away by a steel knife 
held at the proper distance from the arbor to make the finished 
core of the diameter and shape required. When sufficient sand is 
on the arbor to make a full and complete core (which requires 
about five seconds ) the core is lifted from its supports and is ready 
for use. No further treatment of any kind is needed, and the 
core is placed in position in the mold, which is then caused to pass 
the closing device, bringing the upper portion down in place and 
the mold is ready to receive the metal. 

A ladle is provided to receive the metal as it flows from the 
cupola. This ladle is arranged so that it can take a position high 
enough to allow the molds to pass freely under it, or it can be 
lowered into a position between two adjacent molds, so that the 
pouring spouts or lips of the ladle are very close to the pouring 
holes of the mold. 
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As the table rotates and brings a mold, which has passed the 
closing device, into pouring position the ladle automatically drops 
into this latter position with the lips close to the pouring holes. 
The ladle is then tilted to pour by the operator, but in tilting it ro- 
tates around a center line which passes through the pouring lips, 
and hence the points of pouring do not move; and the streams ot 
metal are guided directly into the pouring holes through the va- 


Closed mold. Core arbor in place. 

rious gates into the mold and fill it completely, compressing any 
air or gas which may be trapped into the groove provided at the 
highest point for that purpose. If no gases are trapped, which, 
strange as it may seem, is usually the case, this groove 1s also 
filled with metal and forms a slight rib running the length of the 
pipe. 

When the pouring operation is complete and operator tilts the 
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ladle back, it automatically rises to its higher position so that the 
next mold may pass under it and assume the pouring position. 

The mold being now filled with metal, is held long enough to 
allow the metal to set and then opened by passing the opening 
device, which is just the reverse of the closing device; the roller 
on the end of arm or mold, being guided up an inclined plane, 
thereby lifting the upper half or cope side, and swinging it away 
from the lower or drag side. 

The pipe, which is still a bright orange color, is lifted from the 
mold and placed, after removal of gates, with those previously 
cast, in piles, to cool slowly, when the core arbor is withdrawn and 
returned to core machines to be used again. 

After removal of the finished pipe from the mold, the loose 
sand which falls from the core during the handling of the pipe, 
and any other dirt, loose gates, ete., which may be left in the 
mold are swept out by air blasts or hand brushes and the mold is 
ready for another core and another filling with metal. 

The method of pouring is very important; in fact, the success 
of the whole operation hinges very closely upon properly carrying 
out this scheme. By it is secured equal velocity and pressure of 
the molten metal as well as simultaneous action. “Too much stress 
cannot be laid upon this feature. The difference between a good 
pipe and a bad one is the difference between good and_ bad 


pouring. 
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Section of Physics and Chemistry. 


(Stated meeting held Thursday, April 9, 1908.) 


Methods for Frotecting Iron and Steel Against Corrosion. 
(A Review.) 


By Geo. B. HeEcKEL. 


GENTLEMEN .—This paper should be prefaced by an explana- 
tion. The Executive Committee of the Franklin Institute, in 
their inscrutable wisdom, imposed upon me the duty of address- 
ing you upon a subject regarding which doubtless many of you 
are better informed than |. I presume that I owe this distinc- 
tion to my official position as Secretary of the Paint Manufactur- 
ers’ Association of the United States, and my connection with 
Committee “E” of the American Society for Testing Materials. 
I do not, however, pose as an expert or authority on this or any 
other subject, and therefore I took the liberty of changing the 
title of the address as originally proposed to me, and shall speak 
rather in review of the work of others on protective coatings than 
of my own knowledge of the subject. 

Steel has, within a few years, come into almost universal use as 
a structural material, and with the introduction of reinforced con- 
crete its application promises still greater expansion. Steel, and 
especially Bessemer steel, is subject to corrosion from atmospheric 
agencies, and upon our ability to protect it from corrosive attacks 
depends the permanency of our bridges, our sky-scrapers, the 
beams antl girders of our factories, ete. 

Dismissing for the moment all forms of corrosion excepting 
that form of oxidation popularly known as rusting, it 1s essential 
as a starting point to inquire, what is rust and what causes it ? 
\Vhen a steel plate is exposed to an atmosphere charged with 


; 
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moisture it may or may not rust. The difference is easily observ- 
able in ordinary conditions. On some days when the atmospheric 
moisture is high all exposed steel will quickly show rust stains. 
On other days when the degree of moisture is equally high, rust 
will form but slowly, if at all. 

There must be a cause for these differences of behavior under 
apparently identical conditions. 

From the facts which follow it would appear to be due to the 
presence in solution of larger or smaller percentages of car- 
bonic acid, mineral acids from smoke and of ozone. For, as will be 
shown later, some agencies distinctly promote, while others re- 
tard, or completely inhibit oxidation. 

Ordinary iron rust is perfectly familiar to everyone. It is a 
yellowish, reddish or brownish substance and normally consists 
essentially of hydrated ferrous oxide, thovgh as shown by Dr. 
Toch, the degree of oxidation and hydration may vary considera- 
bly in the same samples of rust, the exterior portions of the layer 
generally tending more towards a stable oxide and the portions 
next to the metal being highly ferrous in composition. 

I do not intend to review the chemical constitution of rust nor 
to trace the chemical processes involved. All forms of rust de- 
pend for their formation on the fact that oxygen in solution in 
water enters readily into combination with iron and that carbon 
dioxide and other acids in the atmosphere may act as promoters 
and modifiers of the process. The entire subject is discussed at 
length in the writings of Wood, Toch, Dunstan, Jowatt, Moody, 
Walker, Cushman, and others, and is summarized in the United 
States Department of Agriculture, Office of Public Roads, Bulle- 
tin No. 30, to which the éurious are referred. 

Formerly it was supposed that iron immersed in pure water 
in vacuo would not rust; but Whitney and Cushman have conclu- 
sively shown that iron does pass into solution in pure water with- 
out the presence of free oxygen or other agent, and this fact opens 
the way to an entirely new method of protection, which we shall 
consider at greater length as we proceed. 

Hitherto the problem of protection has been regarded-as merely 
a problem of isolation—the exclusion of moisture and oxygen, 
and doubtless if we could effectually and permanently exclude the 
agents of rust we could preserve our material indefinitely. 

Two methods of isolation are generally employed, either sepa- 
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rately or simultaneously. The interposition of a film of paint be- 
tween the surface of steel and the atmosphere or the deposition of 
a firmly adherent film of non-corroding metal in the same posi- 
tion, as in the coating of roofing sheets with tin and lead and the 
deposition of a film of zine in the so-called “galvanizing” pro- 
cesses. 

Regarding the latter, which may be very briefly considered, it 
is worthy of note that the new process for coating a surface of 
steel with a film of zine by subjecting the steel plate to a low heat 
in contact with zinc dust, seems, from the meagre reports at hand, 
to give promise of excellent results inthe future. In this process, 
it is said, the zinc penetrates the steel to an appreciable extent and 
forms a continuous film of metal over its surface. If this process 
shall be made commercially available there is no apparent reason 
why steel so coated shall require further preliminary protection, 
the deficiency of ordinary galvanized iron being apparently due to 
the imperfect continuity of the zine coating. 

A steel surface properly covered with a coating of metallic zinc, 
and insulated from contact with other metals, should need no 
further protective coating for a long period. Mr. Stone, of the 
New Jersey Zinc Company, tells me of galvanized roofing plates 
that remained in service for sixteen years and then were put out 
of service only because the building was demolished. 

sut manufacturers have learned how to economize zinc since 
those days, and the zine coating no longer fully protects because 
it is too thin and is not continuous. 

Let any one compare a piece of coated telegraph wire with a piece 
of ordinary galvanized plate by subjecting them for a time to the 
action of moisture under identical conditions and he will at once 
recognize the difference between complete and incomplete coating. 
It would also be interesting to compare with these a specimen of 
the Sherardized steel before referred to. 

Still another method of coating steel with metallic zinc is the 
electrolytic process, of which I have samples here. Advantages 
of economy as well as of purity and homogeneity of coating are 
claimed for this electrolytical or cold process galvanizing. The 
claim of superiority at least would seem to be justified by the re- 
sults with these small samples, which have been immersed in 
water for over three months without showing signs of rust. One 
specimen had its uncoated end protected with paraffine wax, the 
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other was not so protected. The process is said to be applicable 
to any size or form of steel. (Show specimens. ) 

What I wish here to emphasize is the fact that a properly gal- 
vanized metal surface needs for long periods no additional protec- 
tion. Paint may be applied for decorative purposes, but is unnec- 
essary at the beginning for any other use. 

While we are upon the subject it might be worth while to note 
in passing, the proposition made some years since by certain en- 
gineers that masses of zinc in electrical contact with the steel be 
buried in the foundations of our sky-scrapers. The idea, of 
course, was that the zine being the electro-negative member would 
be corroded, while the steel would be preserved. 

For the benefit of our mining and smelting interests we might 
wish to see this method generally adopted, with provision for the 
renewal of the zine as corrosion proceeded. 

The problem of protection by painting metallic surfaces com- 
prises several important factors, differing materially from the 
conditions presented by a surface of wood. In the latter we have 
a more or less absorbent or porous surface, every minute aperture 
o. which affords a hold for the film of paint. Furthermore the 
coefficient of expansion for any wood under change of temperature 
is so low as to be negligible. If we can exclude moisture from 
the painted wood, the protective coating is subject to practically 
no stresses or strains. 

Steel, on the other hand, presents to the eye an intact surface. 
It is only under magnification that we detect its actual irregularity. 
Two forces probably tend to hold a film of paint in place on such 
a sutface: First, the hold of microscopic projections from the 
under surtace of the film on the irregularities of the metal surface, 
and second, the force of cohesion or atmospheric pressure. 

The coefficient of expansion for steel, within the limits of range 
for atmospheric temperature, is high—far higher than that of any 
known paint film. This deficiency in the latter must be compen- 
sated for by elasticity. The film must be sufficiently elastic to ac- 
cc mmodate itself to the constantly changing area of the surface 
to which it clings, without rupturing the film itself or the minute 
projections by means of which it clings to the surface. 

Finally, since moisture, acid, ozone and perhaps other atmos- 
pheric agencies are at least the principal causes of rust, the pro- 


(Heckel) 


Micro-photograph of paint films on wood. 
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tective coating must, insofar as possible, be impermeable by va- 
pors and gases. 

From the stated difference of the two surfaces it is readily de- 
duced that a paint to penetrate and secure a firm hold on the mi- 
croscopic irregularities of a steel surface must be different from a 
paint intended to penetrate and adhere to wood, while the rigidity 
of the one as contrasted with the softness of the other would in- 
dicate other differences. 


Micro-photograph of steel surface. 


For example, Mr. R. S. Perry has propounded a very interest- 
ing theory in which a parallel is drawn between the paint film and 
concrete, and from this he deduces the desirability of three de- 
termining sizes in the pigment particles to fill voids. But bearing 
in mind the extremely minute size of the projections and apert- 
ures, it would seem reasonable to assume that in the undercoating 
at least of a protective paint for such a surface the pigment parti- 
cles should be extremely fine ; and furthermore, as it is exclusively 
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the vehicle and never the pigment that imparts elasticity to the 
coating, that the elastic vehicle should be in excess. 

The Scientific Section of the Bureau of Promotion and De- 
velopment, Paint Manufacturers’ Association, under the direction 
of Mr. R. S. Perry, is doing very much valuable work in the way 
of furnishing technical data, and among other information it has 
furnished measurements of the particles of several pigments in 
common use. Following are the measurements given me: 


White Lead (Hydrocarbonate) .000074 .033 
White Lead (Sublimed Lead) .00003 very uniform 

Carbon Black .007 

Lamp Black 

Mineral Brown 

Red Lead .08 
Calcium Carbonate .0016 
Barytes .00008 0004 
Asbestine (Long Rods) .00016 
China Clay (Thin Plates) .000016 =.0028 

These measurements represent the dry pigments as they come 
upon the market. With some of them chemical changes effected 
in combinations with oil acids profoundly modify these mechani- 
cal factors; with others, keeping in mind the conditions to be met, 
extremely fine grinding in the process of manufacturing into paint 
would seem to be indicated as essential. 

Mr. Job, in a paper read before this body some two years since, 
admirably illustrated from practical experience the necessity of a 
high degree of comminutior in protective paints for metal sur- 
faces. ‘The differences in the behavior of the paints contrasted 
by Mr. Job would seem to depend first upon the excess of vehicle 
(the elastic element) in paints compounded with finely ground 
pigments, and secondly in the smaller area of the voids betweer 
the particles of pigment in the paint film. For, as Dr. Dudley 
has so often and so admirably demonstrated, linseed oil is to a 
surprising extent permeable by moisture, and it is the province of 
the pigment, to a large extent, to compensate for this quality of 
linseed oil, by presenting a series of impenetrable layers of pig- 
ment to the atmospheric vapors. 
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In the early days of English and Scotch steel ship building it 
was the custom—which still prevails to some extent—to give all 
steel members, while hot, a shop-bath of linseed oil. Something 
like this had evidently been done with the steel used in the Havre- 
de-Grace bridge, on which Committee “E”’ is now experimenting. 
In that case it did not prevent rusting, but entailed much labor to 
remove it. The coating was not protective and had become so 
brittle that it would have formed a very unsafe foundation coat. 

In the practice of some firms it is the custom to give all struct- 
ural steel a shop-coat of red lead and linseed oil. This practice is 
far less objectionable, as red lead does at least make a good found- 
ation for subsequent painting. As to the relative merits of red 
lead and other pigments, the subject is too wide for me to handle. 
Perhaps if red lead were always mixed fresh on the ground and 
applied while freshly mixed, there would be much less room for 
controversy. 

We now come, in the course of our review, to one of the most 
interesting developments of modern paint chemistry—a develop- 
ment which may eventually solve our problem, leaving nothing 
for future workers, or which may prove a mere ignus fatuus of 
science, like so many apparent discoveries which have preceded it. 

During the year 1905, Dr. Allerton S. Cushman, of the De- 
partment of Agriculture, in the course of certain investigations 
connected with the corrosion of fence wire and steel culverts, 
made a special study of the curious fact that the corrosion of steel 
is inhibited for a time by treatment with chromic acid or a soluble 
chromate. Other investigators had from time to time referred 
to this peculiar condition of passivity, but so far as I know, Dr. 
Cushman was the first to investigate its causes and to supply a 
satisfactory explanation. His explanation briefly depends upon 
the modern theory of solutions. The familiar phenomenon of 


rusting is due to electrolysis. The free hydrogen ions in water 
exchange places with the iron, transferring their electrical 
charges and changing to the atomic condition. The iron passes 
into solution and is attacked by the oxygen of the water, further 
hydrogen being ionized in the process for further attack, and so 
on indefinitely. 

The complete theory is beautifully demonstrated and_illus- 
trated in Bulletin No. 30, issued from the Office of Public Roads 
of the Department of Agriculture, and every one interested in the 
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preservation of metals should read this bulletin, because it is full 
of noteworthy information and suggestion. It is only fair to 
say that Dr. Cushman’s deductions have been attacked and that 
his theories have not met with complete acceptance. Nevertheless 
he has certainly demonstrated some important facts, whatever 
may be the ultimate fate of his explanations. 

He has, for instance, positively shown that chromic acid and its 
compounds will inhibit the corrosive action of moisture on iron. 
He has shown that iron passes into solution in pure water, and 
he has shown more recently that the mere presence of certain chro- 
mates together with steel in water inhibits oxidation. 

The results obtained by Dr. Cushman in the latter field are sum- 
marized in a letter to me under date of March 11th, as follows: 

“| have been conducting a long series of experiments studying 
the action of various pigments together with water and oxygen on 
steel. [ find that, under the conditions of my experiments, the 
ordinary commercial mixed pigments fall naturally into three 
classes: 

“(1) Those which prohibit or largely inhibit corrosion. 
(2) Those which have no action one way or the other, and 
from this point of view are therefore inert. 

(3) Those which stimulate corrosion. 

“IT am not yet ready to give out the details of the experiments, 
but I will be very glad to give you one or two points which I 
should be pleased if you would bring out. My observation that 
chromic acid and certain of its compounds act as inhibitives has 
led to a great many experiments by other workers along the same 
line. Now, I have found that the chrome compounds which are 
on the market vary very much in their action. ‘Some of them 
show up as strong inhibitors, while others go to the opposite ex- 
treme and actually stimulate corrosion. Referring only to the 
labelled names of the pigments which I have tried, I find among 
the good ones, and in the order cited: Zine chromate, American 
Vermilion, chrome yellow orange, chrome yellow dd. Among 
the bad ones, and also in the order given, I find: Chrome yellow 
medium, chrome green, chrome red. And very much the worst 
of ail is chrome yellow lemon. 

“T presume that the difference is due to impurities that are pres- 
ent in the bad pigments. For instance, I believe that the lemon 
chrome yellow contains some salt or compound which had been 
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added in order to keep the reaction acid during the process of 
manufacture so that the bright yellow shade will be preserved. 
You will understand, of course, that when I speak of ‘good’ and 
‘bad’ pigments I mean merely in their relation to inhibiting or 
stimulating corrosion in the presence of water, and this character- 
ization has nothing whatsoever to do with physical state or 
properties when mixed with oil. It is, however, important in 
my opinion that these differences should be noted in advance, for 
if an experimenter should happen upon lemon chrome yellow and 
obtain bad results with it he might unthinkingly conclude that the 
whole principle of the chrome protection was at fault.”’ 

In explanation of Dr. Cushman’s results with the lemon chrome 
it should be said that this shade is commonly produced by the 
presence of lead citrate or other similar lead salts and that it is not 
a pure lead chromate. 

Dr. Cushman’s remarks regarding the starting of independent 
investigators is undoubtedly true, and since the publication of his 
address to the American Society for Testing Materials last June 
nearly every technical chemist in the country has had a bottle of 
steel turnings in chromate solution standing convenient for ob- 
servation. 

It occurred to me, for instance, that in estimating the effect 
of the various atmospheric agencies in corrosion it would be in- 
structive to run a series of duplicate tests in which the effects of 
the various atmospheric influences should be segregated. 

Accordingly I requested Mr. Gardner, of the Scientific Section of 
the Paint Manufacturers’ Association, to ascertain for me with 
small steel plates cut for me from the middle of the same bar— 

1. Whether a steel plate immersed in distilled water in vacuum 
will show rust; 

2. Whether a similar plate immersed in distilled water charged 
with pure oxygen only, will develop rust ; 

3. Whether a similar plate immersed in distilled water charged 
only with ozone will develop rust; 

4. Whether a similar plate immersed in distilled water charged 
only with atmospheric air free from all substances excepting oxy- 
gen and nitrogen will develop rust ; 

5. Whether a similar plate immersed in distilled water saturated 
only with atmospheric air containing a small percentage of am- 
monia gas will develop rust; 
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6. Whether a similar plate immersed in distilled water contain- 
ing only atmospheric air with a small percentage of carbonic acid 
and nothing else will develop rust ; 

7. Whether a similar plate immersed in distilled water contain- 
ing only atmospheric air with small percentages of ammonia and 
carbonic acid will develop rust: ; 

&. Whether in all the foregoing tests a current of electricity 
passing through the plate will stimulate rusting. 

In each case I requested that the ratio of rust development be 
determined. 

These determinations were made for me, the tests lasting for 
one month. Mr. Gardner in his report details the method of 
procedure, which was technically correct. The complete report is 
available for anyone who cares to see it, but I shall content myself 
with tabulating the results: (See Appendix.) 


Test No. Medium. 


Remarks. 


Distilled water boiled............... 


1-A Same with electric current........... 0.087 

2 Distilled water and oxygen...... . .0.0001 

2-A Same with electric current........... 0.1211 

3 Distilled water and ozone........... 0.0768 

3-A Same with electric current........... 0.1155 

4 Pure air oxygen amd nitrogen........ 0.0492 

4-A Same with electric current........... 0.09II 

5 Pure air—with ammonia: Oxygen, ni- Little oxide precipitated. 
trogen and ammofita...........+;.. 0.0406 Color dark. 

5-A Same with electric current.......... 0.0758 - “ § ‘4 

6 Pure air—with carbon diox: Oxygen, Color of oxide brighter 
nitrogen and carbonic acid........ 0.103 than any of foregoing. 

6-A Same with electric current........... 0.19041 


Pure air with ammonia and carbonic 
Same with electric current.......... 
It will be seen from this summary that in every case the passage 
of an electrical current from a sal ammoniac cell, averaging 1} 
volts, very materially assisted corrosion. Mr. Gardner also re- 
ports that of his own initiative he connected the two ends of a steel 
plate in distilled water by a copper wire joined outside of the bot- 
tle, and that in this case also corrosion was increased. He be- 
lieves this increase to be due to galvanic action. 

It then occurred to me that it would throw further light on the 


Loss, 
I 0482 
ae 
; 
} 
{ 


400 Heckel: (J. F. 1, 


subject if these experiments were duplicated precisely, with the 
addition of potassium bichromate to the water in each case. Ac- 
cordingly Mr. Gardner was requested to clean the original plates 
and duplicate the tests after adding suffici.nt bichromate to make 
a one per cent. solution. After thirty days no rust had appeared 
in any of the test bottles, even the electric current having failed 
te start corrosion. 

These experiments, I think, prove conecl.-ively that the pres- 
ence of a soluble chromate will inhibit corrosion, and beautifully 
support Dr. Cushman’s claims. 

Some years since, Dr. Dudley in the cour: of his investigations 
on steel discovered segregations of manganese which acted as cen- 
tres of electrolytical corrosion. This discovery gave birth to a 
whole school of manganese writers—but little further has been 
discovered along that line. 

At the present time, however, Dr. Cushman is investigating 
this subject also and has secured results entirely confirmatory. In 
fact at this date there would seem to be no room for doubt that the 
existence in steel of materials of potentially unequal electrical en- 
ergies is one of the chief promoters of corrosions Steel low in man- 
ganese, carbon, silicon, etc., does not corrode so readily nor so rap- 
idly asa steel showing higher percentages. It has been shown to be 
possible by mechanically combining pure iron and pure manganese 
in a finely divided state to cause electrolysis and the visible libera- 
tion of hydrogen by merely dropping the mixture in water. 

Other investigators have found great differences in the be- 
havior of difterent steels in the same conditions. Mr. Wirt Tas- 
sin, of the National Museum, has suggested that these differences 
may be due to differences in the micro-structure of the steels, de- 
pendent largely upon the temperature at which they are finished. 

With a view to obtaining some light on the question, Dr. Dud- 
ley kindly furnished me with some steel borings taken from the 
same piece of mild boiler plate, the first lot from the plate as re- 
ceived from the maker, the second lot after heating and quench- 
ing. Portions of each lot were placed in distilled water and in 
two per cent. solution of potassium bichromate. They are here 
for examination. In both cases the borings in distilled water show 
rust, while in neither case does the bichromate test show any 
change. ‘This test, so far as it goes, would seem to prove con- 
clusively that the-condition of the carbon in the steel has no de- 
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cided influence upon the inhibitive power of the bichromate. 
(Specimens shown. ) 

As I remarked at the outset, I do not profess myself an au- 
thority on this subject. In fact, so far as I can learn, the subject 
is one in which thus far many opinions have been expressed and 
many theories advanced, but few fundamental technical facts es- 
tablished, excluding purely scientific laboratory researches, such as 
Walker’s and Cushman’s. 

\Vhat has been so far accomplished has been largely the result 
of empirical observation. This hap-hazard observation has, how- 
ever, brought forward some significant data which it remains for 
the trained investigator to classify and from which he may gain 
an inkling of the basic governing principles. 

Sabin, for example, long since demonstrated the fact that a 
coating of tough varnish applied hot to iron pipes prevents rusting 
in a marked degree. ‘loch has pointed out the fact that steel 
rods imbedded for a long time in concrete showed little corrosion 
on removal. Several observers have proved that oxide of zinc, 
lamp-black and some other very finely divided pigments under 
certain conditions are highly protective. The protective value of 
rec’ lead freshly mixed before application has long been recog- 
nized. Scott, in an address before the Master Painters’ Associa- 
tion of Wisconsin, stated that steel shutters painted for the J. I. 
Case Company with basic lead chromate gave protection twice as 
long as any other material used, etc., ete. 

These and many more familiar instances would seem to 1n- 
dicate that we are at last in a position to lay down tentatively, at 
least, three conditions as necessary for the protection of stzel from 
corrosion. We will briefly consider these conditions : 

First. /solation—The surface must be shielded as effectively 
as possible from the access of moisture and atmospheric agencies. 
This involves the necessity for a paint coating less permeable 
than linseed oil alone; sufficiently elastic to accommodate 
itself to the continual expansion and contraction of its sup- 
port. This coating must furthermore be permanently adherent 
and must retain its elasticity during a reasonably long time. 
Fine grinding of the pigments used, the addition of China wood 
oil, varnish gums, and perhaps even a heavy neutral petroleum 
oil, used under proper conditions, may help us towards this end. 
Second. Jnsulation—lIf it be found—and it seems to be well 
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established 


that the passage of an electric current through the 
members of a steel structure, promotes corrosion, it is evidently a 
part of our task to reduce as far as possible this element of 
danger. 

Third. /mmunisation.—This is to most investigators a new 
field with unknown possibilities. If it be found, as indicated in 
Dr. Cushman’s experiments, that the mere presence of certain pig- 
ments in the paint film tends to retard corrosion, the converse is 
also probably true, that the presence of other pigments tends to 
facilitate it. After the investigators have finished their work of 
classification and have determined for us, in Dr. Cushman’s 
phrase, which are the “good” and which are the “bad” pigments, 
it will remain for the paint technologist to apply the knowledge to 
practice. The pigments given in Dr. Cushman’s list are all ex- 
pensive, but it is probable that if there were any considerable de- 
mand for zine chromate, for example, the price would soon fall to 
a moderate figure, due to increased production. 

[ was personally so much impressed with Dr. Cushman’s origi- 
nal paper and with Mr. Scott’s experimental confirmation follow- 
ing so soon after, that having occasion to supply a formula for a 
protective paint for use by the New Jersey Zinc Company I sug- 
gested the following: 

40 lbs. American Vermilion, 

10 lbs. Red lead, 

5 lbs. Venetian red. 
Zine oxide and lamp-black to produce the required tint or shade. 
Grind in 1 1/3 gallons of raw linseed oil—increasing the quantity 
as required for added zine oxide or lamp-black—and } gallon 
crusher’s dryer. For use, thin with raw oil and very little tur- 
pentine or benzine. 


This is Scott’s formula slightly modified. I am inclined to be-~ 
lieve that the substitution of zinc chrome for the American Ver- 
milion; of any high-grade finely ground iron oxide for the Vene- 
tian red; and of American Vermilion for the red lead, would im- 
prove the protective value of the formula, while I also believe 
that the addition of a very little kauri gum varnish, if zinc oxide 
is used, would be found advantageous, and that the substitution of 
a certain proportion of China wood oil for some of the linseed oil 
would improve the wearing qualities of the paint. 

Dr. Cushman in reviewing the formula, points out two dangers 
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confionting us when we attempt to base an inhibitive formula on 
commercial products. The first is that all carbon pigments, ex- 
cepting pure graphite, may contain sulphur compounds easily oxi- 
dizable to sulphuric acid when spread out as in a paint film. The 
second is the probability of variation in the composition of basic 
lead chromate or American Vermilion. Because of these facts, as 
he points out, it is necessary, before selecting any particular pig- 
ment for its inhibitive quality, to ascertain that it is free from 
acids or acid forming impurities. As a result of his own experi- 
ments he recommends the substitution of Prussian blue for the 
lamp-black in my formula and lays down as a safe rule in the for- 
mulation of inhibitive paints, a careful avoidance of all potential 
stimulators of the hydrogen ions and consequently of any sub- 
stance which might develop acid; preference being given to chro- 
mate pigments which are to some extent soluble in water and to 
other pigments which in undergoing change tend to develop an 
alkaline rather than an acid reaction. Calcium sulphate, for ex- 
ample, in any form (as a constituent of Venetian red, for exam- 
ple), he deems dangerous to use because of the possibility of its 
developing sulphuric or sulphurous acid. Barium sulphate, on 
the other hand, he regards as practically safe, because of its well- 
known chemical stability. 

In my own formula the. substitution of zinc chrome for the 
larger proportion of American Vermilion, as suggested, would re- 
place an indefinite by a definite chromium compound. 

sarium chromate has also been shown by Dr. Cushman’s ex-- 
periments to be an inhibitor of high power, and I have suggested 
the possibility of producing a good inhibitive chromate by the 
simultaneous precipitation of the chromates of zinc and barium. 
Similarly a very brilliant and opaque chromate can be obtained 
by the simultaneous precipitation of the chromates of lead and 
zinc on a zine oxide base. Furthermore, as Prussian blue has 
been found to be at least safe, it would seem to be possible to pro- 
duce an inhibitive chrome green by the simultaneous precipitation 
of the blue and yellow on a barium sulphate or a silicate base. The 
entire subject is open to investigators and it is to be hoped that 
definite knowledge will rapidly accumulate as a result of their 
work. 

As [began I close: Iam not an authority on this or any other 
subject, but if I have been able profitably to direct your attention 
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to the valuable work which investigators—notably Dr. Cush- 
man, Dr. Gustave W. Thompson, and the Paint Manufacturers’ 
Association—are conducting in this field, I shall be repaid for my 
time and you for your patience, for which I thank you. 


APPENDIX. 
REPORT ON TESTS OF STEEL PLATES 
(Made to the Paint Manufacturers of the United States.) 


By H. A. GARDNER. 


Fourteen steel plates 144’7x 1’” were received at this Laboratory, in the 
rough condition as sheared from the strip. These plates were perfectly 
cleaned to insure the absence of incidental grease. They were all num- 
bered consecutively by scratching them, and all well washed in ether and 
then dried at 100 degrees in an air bath for an hour. They were then 
taken and placed in a desiccator, and when they had reached the tempera- 
ture of the room they were weighed down to one-tenth of a milligramme. 
The plates were then ready for test. 

A series of bottles o1 one litre capacity, with rubber stoppers, were 
selected as the vessels in which to conduct these tests, and these bott'es 
were labelled with numbers corresponding to those upon the steel -plates. 

These tests extended over a period of one month, at the end of which 
time the rust was considerable. The plates were then partially removed 
from the water, and the rust upcn the same was easily removed by the aid 
of filter paper, and dropped back into the solution. The p!ates in this 
thoroughly cleansed ccndition were removed, washed in distilled water and 
finally in ether, and then placed in an air bath and dried at too degrees 
before weighing. The difference in the weight before and after these tests 
represents the amount of iron eaten away, or formed into rust by the action 
of the medium in which these plates were immersed. 

TEST NUMBER I, 

Bottle No. 1 was filled with distilled boiling water, to the suriace, after 
which the plate was placed in the bottle, and the rubber stopper securely 
pressed down. The cooling of the distilled water caused a slight loss of 
volume which left a vacuum of about % inch between the surface of the 
liquid and the stopper. 


TEST NUMBER I-A. 


The same experiment was conducted in Bottle 1-A with a current of 
electricity passing through the liquid. 
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TEST NUMBER 2. 


Bottle No. 2 was filled with distilled water charged with a current of 
oxygen generated by heating mercuric oxide (the gas being washed in a 
bottle containing water); the plate was then immersed in the water and the 
stopper securely pressed down. 


TEST NUMBER 2-A. 


The same experiment was conducted in Bottle No. 2-A with a current 
of electricity passing through. 


TEST NUMBER 3. 


Bottle No. 3 was filled with distilled water and a current of ozone passed 
through for about thirty minutes. The ozone was generated by attaching - 
two dry cells to a Rumkorff coil, the induced currents from which were 
passed to an ozone tube, the ozone being drawn over by aspiration and then 
passed through the water. The ozone developed by this apparatus was 
very strong, and the water must have absorbed or taken up considerable 
of the same because the odor of ozone was very apparent. 


TEST NUMBER 3-A. 


The same experiment was conducted in Bottle No. 3-A with a current of 
electricity passing through the liquid. 


TEST NUMBER 4. 


Bottle No. 4 was filled with distilled water charged with atmospheric air, 
free from all other substances, excepting oxygen and nitrogen. The at- 
mospheric air was drawn in through a bottle containing caustic potash to 
absorb the ammonia and then through a bottle containing soda lime to ab- 
sorb the carbon dioxide gas, and then in its pure condition, containing 
nothing but nitrogen and oxygen, was passed through the water. 


TEST NUMBER 4-A. 


The same experiment was conducted in Bottle 4-A with a current of 
electricity passing through the liquid. 


TEST NUMBER §. 


Bottle No. 5 was filled with distilled water and atmospheric air passed 
through for about thirty minutes, after having been passed through a bot- 
tle containing soda lime to free it from carbon dioxide. This atmospheric 
air was pure with the exception of a normal percentage of ammonia gas. 
A current of weak ammonia gas was passed through for a second to insure 
the presence of same. 


TEST NUMBER 5-A. 


The same experiment was conducted in Bottle No. 5-A with a current 
of electricity passing through the liquid. 


‘ 
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TEST NUMBER 6. 


Bottle No. 6 was filled with distilled water, and atmospheric air was 
passed through for about thirty minutes, after having freed this atmospheric 
‘air from the ammonia, by passing it through a bottle containing caustic 
wotash. This atmospheric air contained the normal percentage of carbonic 
acid. A current of carbon dioxide was passed through for a second to 
‘insure the presence of same. 


TEST NUMBER 6-A. 


The same experiment was conducted in Bottle No. 6-A with a current of 
.electricity passing through the liquid. 


TEST NUMBER 7. 


Bottle No. 7 was filled with distilled water which was saturated with at- 
‘mosphéric air containing normal percentages of ammonia and carbonic acid. 
The plate was then immersed in this liquid. 


TEST NUMBER 7-A. 


The same experiment was conducted in Bottle No. 7-A with a current of 
electricity passing through the liquid. 

The current of electricity used was very weak and was obtained from 
an ordinary sal ammoniac cell averaging 1% volts, and this current was 
passed through a main line from which branches were made direct into the 
bottles and direct to the plates by contact, each plate having connection 
with a kathode and anode respectively. After the first day of these tests 
the action of the electric current was very apparent and considerable rust 
was observed, the water in these bottles being turned to a light yellow 
color, which after a month was very decided. The amount of rust observed 
on the plates not charged with electricity was less apparent throughout the 
test. For my own benefit, I placed in a bottle containing absolutely pure 
distilled water a small plate of steel, connected at either end with pieces of 
copper which were joined outside the bottle, thus forming a circuit. This 
test developed an amount of rust equal to that formed in any of the bottles 
in the foregoing tests with electricity, and I believe this was caused by 
galvanic action. 

It is interesting to note that a casual observation of the amount of rust 
contained in the bottom of the bottles corresponds to the amount de- 
termined by gravimetric work. 

Bottles Nos. 1 and 4 from their appearances seem to contain less oxide 
of iron than the other bottles with the exception of Bottle No. 5, and this 
is borne out as you will see by the appended data. Bottles Nos. 6 and 7 
seem to contain a very large amount of oxide of iron. This is also borne 
out by the data. This oxide of iron in Bottles Nos. 6 and 7 has a much 
brighter appearance than that contained in the other bottles. In Bottles 
No. 5, in both cases, with or without electricity, there is very little iron 
oxide, and what there is seems to contain a magnetic oxide, the formula of 
which is FesO,, and is very dark in color. Although considerable of this 
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was formed it seemed to have formed upon the metal as a black coating, 
and evidently has served to prevent the oxidation of the iron and the 
formation of ferric oxide. The water in both of these bottles is very clear, 
with the exception of a dark sediment. 


The following table will show the weight before and after test, also 
the amount of iron disintegrated by the action of the solution: 


Test No. 1. Test No. 1-A. 

63.701 gm. before test 63.12 gm. before test 
63.653 gm. after test 63.003 gm. after test 
.0482 gm. loss .087 gm. loss 


Test No. 2. Test No. 2-A. 
65.1831 gm. before test 64.7551 gm. before test 
65.123 gm. after test 64.634 gm.after test 
.o601 gm. loss . 1211 gm. loss 


Test No. 3. Test Ne. 3-A. 
63.1248 gm. before test 63.8055 gm. before test 
63.048 gm. after test 63.69 gm. after test 
.0768 gm. loss .1155 gm. loss 


Test No. 4. Test No. 4-A. 

64.3932 gm. before test 65.0400 gm. before test 

64.344 gm. after test 65.95 gm. after test 
.0492 gm. loss .OOII gm. loss 


Test No. 5. Test No. 5-A. 
63.0806 gm. before test 61.8858 gm. before test 
63.04 gm. after test 61.81 gm. after test 
.0406 gm. loss .0758 gm. loss 


Test No. 6-A. 
63.813 gm. before test 65.6741 gm. before test 
63.71 gm. after test 65.4800 gm. after test 
.103 gm. loss . 1941 gm. loss 


Test No. 6. 


Test No. 7. Test No. 7-A. 

65.5421 gm. before test 63.8075 gm. before test 

65.45 gm. after test 63.7099 gm. after test 
.0921 gm. loss . 1876 gm. loss 


FUNGUS CHECKS THE RAVAGES OF BLACK HILLS’ TIMBER 
BEETLE. 

The bark beetle which for several years has been working havoc in the 
valuable pine timber of the Black Hills, S. D., has apparently been given a 
check by a fungus which finds in the dying trees a congenial place of lodg- 
ment, and at the same time kills the beetles in the bark. There is hope 
that the worst of the scourge in that region is passed. 

For ten years this beetle has been sweeping through the Black Hills 
forests, every year invading fresh areas. The total amount of pine de- 
stroyed by it is reckoned at no less than one billion feet board measure. 
At the present stumpage price of green timber in South Dakota this loss 
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would amount to $6,000,000. It now appears that its maximum destructive- 
ness was reached about two years ago, and it is now on the decline. 

Two years ago the discovery was made that a fungus was at work in 
the timber killed by the beetles, in which the broods were passing their 
infant stages preparatory to taking flight to new forests. It was noted at 
that time that the fungus was fatal to the young beetles, but the full extent 
of the work done by the fungus has just been made known in a re- 
port covering investigations of many months by the Forest Service. 

The fungus is a “bark-peeler.” Experts have claimed all the time that 
the beetles could be checked if some way could be found to peel the trees 
in which the young broods are harboring. They live in the inner bark and 
next to the wood. When the bark is separated from the wood their 
galleries are laid open and they die. Efforts have ‘been made in the affect- 
ed districts to peel standing trees. Machinery has been made for that 
express purpose, and trunks were stripped to a height of twenty feet. But 
so large were the affected areas that the few trees peeled were not a drop 
in the bucket. 

Efforts were made at different times to cut the dying timber. Tracts 
were sold to mill men, and large quantities were cut, but not enough to 
have any appreciable effect on the beetle invasion. Woodpeckers helped 
the work along. They flocked to the dying trees by hundreds and stripped 
them of their bark and devoured the young beetles by the million. But 
that was not enough. The pest had gained such headway that it was be- 
yond the power of barkpeelers, log cutters, and woodpeckers, 

Meanwhile the peculiar fungus was gaining headway and getting in its 
work. It appears in the form of a grayish slime between the bark and the 
wood. It makes the bark loose and it falls, leaving the trees bare, and 
bringing down the multitudes of young beetles to their death; or, if the 
bark still hangs on the trunks, the effect on the beetles is equally fatal, for 
they die in their galleries and larve mines. 


The habits and life history of this bark beetle render it defenseless 
when attacked by the fungus. The parent beetle bores a gallery several 
inches long in the inner layers of bark, grooving the wood. Eggs are de- 
posited at intervals along both sides of the gallery, often as many as 60 or 
70. These eggs hatch, and while in the larve! state, they bore short gal- 
leries at right angles to the parent tunnel. They remain there a year, eat- 
ing and growing. Their depredations kill the most vital part of the tree— 
the cambium, though the tops and needles do not succumb at once, and 
it is at that stage that the fungus appears and brings the career of the 
beetle brood to a close. 

In normal conditions it probably finds a few lightning-struck trees in the 
proper decline to suit its purposes, or it may attack storm-thrown timber, 
but it is not numerous enough to kill trees, and its invasion cannot gain 
headway. But when some unusual condition—such as caused by a hurri- 
cane sweeping over a large timber area—provides a start, the beetles may 
increase in numbers until they are able to attack vigorous trees and kill 
them, and in fact when the epidemic is at its height they almost invariably 
attack living trees. That is what has happened in the Black Hills. The 
invasion continues until some enemy reduces the beetles below the point 
where they are able to kill timber. That puts an end to the invasion. This 
is, apparently, what the fungus is accomplishing in the Black Hills at this 
time.—Forest Service U. S. Dept. of Agriculture. 
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Is the Ether a Dispersive Medium? 
(Stated meeting held Thursday, March 18, 1908.) 


Is the Ether a Dispersive Medium >* 
By Paut R. 
Professor Central High School, Philadelphia. 


In the Boyden Prize Memoir, published in the Journal for 
August, 1907, it was shown that over a range of the spectrum 
comprised between 468 uz in the blue and 300 uz in the ultra-violet 
the speed was constant to the extent of one point in two hundred 
and fifty thousand. M. Charles Nordmann has recently pub- 
lished (Comptes Rendus, tome 146, Nos. 6 and 8, 1908) some ex- 
perimental researches which seem to prove that there is, reduced 
to the same terms as those of the Boyden Memoir, a difference of 
speed of one part in a million between the red and the blue rays of 
the visible spectrum. This remarkable result deserves some little 
discussion. 

M. Nordmann’s researches were based upon exactly the same 
method as that of the Boyden Memoir, namely, the spectro- 
photometric study of the star Algol near its minimum. Mr. 
Nordmann’s work was independently conceived and begun before 
the publication of the Boyden Memoir. Moreover, M. Nord- 
mann confined his attention to the visible part of the spectrum, 
while the invisible part was the point of special attack in the 
Boyden Memoir. 

This being the case, M. Nordmann was able to use the very ac- 
curate method of visual comparison, comparing the image of 
Algol and that of an artificial star through a color screen by 
means of a polarizing photometer. The Boyden Memoir was 
compelled to use a photographic method, which (according to the 
limit of accuracy claimed by M. Nordmann) was about twenty 
times less accurate, and entirely incapable of detecting a difference 
in speed of one part ina million. The results of these two inde- 
pendent investigations are therefore entirely consistent. 


*Read by title. 
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M. Nordmann found that with Algol the minimum of the red 
rays occurred about sixteen minutes earlier than that of the blue 
rays, and about nine minutes earlier than that of the green, show- 
ing that, as in ordinary matter, the shorter waves are the most 
retarded. 

The obvious objection to this is that the star should exhibit a 
change of color during its waning and waxing; but a sufficient 
answer to this is apparently to be found in the smallness of the 
effect detected by M. Nordmann and the great length (seven 


Fig. 1. 


Fig. 2. 


hours) of the period of variation of the star. Were the period 
of variation more brief and the light curve steeper, such an effect 
would doubtless be noticeable. 

An inspection of Figs. 1 and 2 will make this clear. Fig. 1 is 
drawn to such a scale as to illustrate the proportionate shift of 
the red and blue light curves of Algol as found by M. Nordmann. 
It will be seen that at the red minimum the difference in intensity 
of the two colors is small. Fig. 2 is drawn for the same shift of 
minima, but a much shorter period, and it will be seen that there 


| 
& 
& 
Pe) 
¢ 


June, 1908.] Notes and Comments. — 471 


is at the red minimum a much greater difference in the intensity of 
the two colors. 

M. Nordmann has also applied his method to 4 Tauri, another 
star of the Algol type, but fainter, and with a light curve less 
steep, the minimum remaining constant for about three hours. 
For this star he found a shift of the red and blue curves about 
three times as great as with Algol. Admitting the reality of this 
effect, it would appear that A Tauri was at three times the distance 
of Algol. 

Should M. Nordmann’s results be confirmed by others it would 
by no means necessarily follow that the ether itself is a dispersive 
medium. M. Nordmann himself suggests the presence of dark 
nebulous masses scattered throughout space, and to which this. 
slight dispersion may be due. And considering that the differ- 
ence of one in a million represents a superior limit, and that owing 
to the uncertainty as to the parallax of Algol, the accuracy may be 
vastly higher, it would not seem an improbable hypothesis that the 
difference in speed may be due to a greater amplitude of the 
longer waves; that there may be in the ether an effect analogous 
to that in sound which causes a louder sound to travel slightly 
faster than a fainter one. 


ALUMNI ASSOCIATION OF THE FRANKLIN INSTITUTE. 


On Monday evening, April 27th, about seventy graduates of the schools 
of the Institute assembled in the hall for the purpose of forming an Alumni 
Association. 

M1. Walton Clark, President of the Institute, presided, and assured the 
meeting of his approval of its object, and his hearty céoperation and that 
of the Board of Managers, and prophesied an interesting and important 
future for the association. 

Mr. William H. Thorne, the Director of the Drawing School, spoke of 
the value of such an association, both to the graduates and to the Institute, 
and hoped that great care would be exercised at the beginning in the 
forming of the constitution and by-laws, and the selection of the officers, in 
order that permanency and success might be assured. 

M-. George S. Cullen, an old graduate and instructor, discussed eligi- 
bility for membership. Enthusiastic approval of the object was shown by 
the remarks of Messrs. Pedrick, Jones, Parsons, McCaffrey, Delaney, 
Fisher, Fennell and Davis, and Dr. W. H. Wahl, Secretary, and Mr. Henry 
Howson, Vice-President of the Institute. 

On motion of Mr. Delaney, it was unanimously resolved that—It is the 
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sentiment of this meeting that an association of the students of the Frank- 
lin Institute be formed, and that the graduate students attendant at this 
meeting constitute themselves the charter members of such association. 

On motion of Mr. Fennell, it was resolved that: A committee on con- 
stitution and by-laws be appointed by the President of the Institute, to con- 
sist of five members, and that Mr. Thorne be appointed chairman. 

On motion of Mr. Fennell it was resolved that: 

A committee of five be appointed by the President of the Institute to 
nominate permanent officers of the association. 

The President appointed the following as the committee on constitu- 
tion and by-laws: Messrs. Thorne, Parsons, Cullen, Jones and McCaffrey. 

On motion, adjourned. 

Wma. H. Tuorne, Sec’y. 


THE FRANKLIN FUND. 


The following item of interest relating to the “Franklin Fund” is con- 
tributed by Mr. Charles E. Ronaldson, member of the Board of Managers 
of the Institute, and a direct descendant of the James Ronaldson referred 
to in this note: 

(Extract from the Autobiography of James Ronaldson, page 306.) 

“It is interesting to note that the ‘Franklin Fund’ received an addi- 
tion at the hands of John Scott, Chemist, living in St. Patrick’s Square, 
Edinburgh, Scotland, who appointed James Ronaldson, of Philadelphia, 
Type Founder, as his true and lawful attorney for him and, in his name, as 
sole Executor to transfer the sum of 3000 Dollars of certain stock, to the 
Corporation of Philadelphia, which was entrusted with the management of 
the late Dr. Franklin’s legacy, to be applied to the purposes of the 
legacy—’—From the Historical Catalogue of St. Andrew’s Society, 1749- 
1907. 


Book Notices. 
PUBLICATIONS RECEIVED. 


Pennsylvania State College. Annual Report for the year 1905-1906. 
From July 1, 1905, to June 30, 1906. Part I, Department of Instruction. 
Part II, Agricultural Experiment Station. 242 pages, tables, plates, 8vo. 
Harrisburg, State Printer, 1906. 


Roosevelt and the Money Power. Responsibility of dishonest high fi- 
nance for the panic of 1907, by John C. Albert. 110 pages, 16mo. New 
York, Sudwarth Printing Co., 1908. Paper, price, 10 cents. 


The Figure and Construction of the Earth. By Prof. A. E. H. Love. 
Paper read before the Royal Institution of Great Britain, Friday, March 6, 
1906. 15 pages, illustrations, 8vo. 
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The Centenary of Davy’s Discovery of the Metals of the Alkalis. By 
Prof. T. E. Thorpe. Paper read before the Royal Institution of Great 
Britain, Friday, January 17, 1908. 13 pages, 8vo. 


U. S. Department of Agriculture, Forest Service: 

Circular 112, The Analysis and Grading of Creosotes. By Arthur L. Dean 
and Ernest Bateman. 44 pages, illustrations, 8vo. 

Circular 117, The Preservative Treatment of Fence Posts. By Howard F. 
Weiss. 15 pages, illustrations, 8vo. 

‘Circular 127, Forest Tables—Western Yellow Pine. Compiled by E. A. 
Ziegler. 23 pages, 8vo. 

‘Circular 128, Preservation of Piling Against Marine Wood Borers. By C. 
Stowell Smith. 15 pages, illustrations, 8vo. 

‘Circular 129, The Drain Upon the Forests. By R. S. Kellogg. 16 pages, 
illustrations, 8vo. 

‘Circular 130, Forestry in the Public Schools. By Hugo A. Winkenwerder. 
20 pages, 8vo. 

Circular 136, The Seasoning and Preservative Treatment of Arborvite 
Poles. By C. Stowell Smith. 29 pages, illustrations, 8vo. 

Circular 137, Consumption of Poles in 1906. 9 pages, 8vo. 

Circular 140, What Forestry Has Done. By Treadwell Cleveland, Jr. 
31 pages, 8vo. 

Wholesale Lumber Prices, 1886-1898. Chart 13x17 inches. 


U. S. Coast and Geodetic Survey. Terrestrial Magnetism. Results of 
magnetic observations made by the Coast and Geodetic Survey between 
July 1, 1906, and June 30, 1907. By R. L. Faris. Appendix No. 5, Report 
for 1907. 157-230 pages, 8vo. Washington, Government Printing Of- 
fice, 1908. 


Bulletin of the University of Lower California. College of Medicine 
Circular of Information. Twenty-fourth annual session, 1908-1909. 16 
pages, illustrations, 12mo. Los Angeles, University. 


Ohio State University Bulletin. The Present Status of Technical Edu- 
cation in Ohio. By William T. Magruder, M.E. 37 pages, 12mo. Colum- 
bus, University, December, 1907. 


American Glass Trade Directory. Revised and complete list of glass 
factories in the United States and Canada. 45 pages, 24mo. Pittsburg, 
The Commoner Publishing Co., price, $2.00. 


Zur Klarstellung der Begriffe Masse, Gewicht, Schwere und Kraft von 
Olof Linders. 22 pages, 8vo.+ Leipzig, Jah & Schunke, 1905. Price, 25 cts. 


U. .S. Commissioner of Education. Report for the year ending June 30, 
1906, Vol. 2. 645-1308 pages, 8vo. Washington, Government Printing Of- 
fice, 1908. 


Dinamica degli aerostati dirigtbili. Ricerche teoriche e sperimentali. 
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G. A. Grocco. Estratto dal Bollettino della Societa Aeronautica Italiana, 


Fascicolo num 3 e 5, Anno 1907. 33 pages, illustrations, 4to. Rome, 
Unione Céoperativa, 1907. 


Ueber die Fluoreszenz einiger Salizylsaurer Praparate unter der 
Einwirkung von @— und y— Strahlen von Chr. Jensen. Separatabdruck 
aus der Zeitschrift fir Wissenschaftliche Photographie, Photophysik und 
photochemie, Band V, Heft 6, 1907. 8 pages, 8vo. Leipzig, Johann 
Ambrosius Barth, n.d. 


Directory of Manufacturers of and Dealers in Engineers’ and Con- 
tractors’ Machinery and Supplies. 1908 edition. 162 pages, 24mo. New 
York, Engineering Record, n.d. 


Fifty years of Explosives. Paper read by Sir Andrew Noble before the 
Royal Institution of Great Britain. 18 pages, tables, plates, 8vo. 


Explosive Combustion, with special reference to that of Hydrocarbons. 
By Prof. William Arthur Bone. Paper read before the Royal Institution 
of Great Britain Friday evening, February 28, 1908. 


UL. S. Census Bureau. Bulletin No. 92, Census of Manufactures, 1905. 


Chemicals and allied products. 124 pages, quarto. Washington, Govern- 
ment Printing Office, 1908. 


Houston, Edwin J. The Wonder Book of the Atmosphere. 326 pages, 
illustrations, 12mo. New York, F. A. Stokes & Co., n.d. Price, $1.5¢. 
The Boy Electrician. 326 pages, illustrations, 12mo. Philadelphia, J. B. 
Lippincott Co. The Wonder Book of Volcanoes and Earthquakes. 369 
pages, illustrations, I2mo. New York, F. A. Stokes Co. n.d. Price, $1.50. 


Philadelphia College of Pharmacy. The Faculty, 1908. Prepared and 
issued by the Historical Committee, February, 1908. 40 pages, portraits, 
8vo. 


Zoological Bulletin of the Division of Zoology of the Pennsylvania De- 
partment of Agriculture, December 1, 1907, to March 2, 1908, inclusive. 
Illustrations, plates, 8vo. Harrisburg, State Printer, 1908. 


Early Withdrawal from School. Address delivered before the Phila- 
delphia Teachers’ Association. 32 pages, 8vo. Philadelphia, 1908. 
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